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TURBINE ENGINE THRUST BOOSTER
ThlS is. a contmuauon of appllcatlon Ser No 842 751

_ﬁled Oct. 17,.1977, abandoned. R
This invention relates to gas turbme engmes and

4314 445

,'-more partlcularly, to a system for. automatlcally boost— B

~ ing engine thrust upon failure or defect in operation of
one of a plurahty of propulsion. engmes .
In recent years, gas. turbine. engines have become

w1dely used to provide propulsion for airplanes. Such
engines. have been popular because they can provrde.
 high thrust levels with relatwe]y great fuel economy.

These highly complex engines generally utilize a sophis-

ticated fuel control system, An eaample of recent devel-';_

opment in such fuel control systems is disclosed in U.S.

T control solenotds would have to ‘be de-energized to
. permit a reduction in engine thrust to stop.the airplane.

These drawbacks are overcome by the automatic

~ performance reserve system of the present invention.

The fuel control computer for each engine, instead of
being set for optlmum engine performance, is set for the
higher level of engine spool speed required for in-
creased emergency engine. thrust levels. Trim signals

~are provided to the computer to counteract this setting

10

15

~ Pat, No. 3,971, 208, issued to G]ermon Z. Schwent on

J uly 27, 1976 and ass1gned to the assignee of this inven-

. tlon, to establlsh a mimimum or idle spool Speed and aj

maximum or takeoff spool Speed The maximum engine

_airplane performance and engine life. _
. Problems may occur during the takeoff run of an

alrplane which can result in a partial or complete loss of
power to one of an airplane’s plurality of engines. If 25

such a problem occurs after the alrplane has passed Vi,

~ the point at which the airplane no longer has sufficient

- runway remaining to permlt it to safely come to a com-

and limit the maximum engine operation to the normal
optlmum operating levels. Upon occurrence of an en-
gme defect, such as would be evidenced by a difference
in engine spool speed between two engines, the trim

- signals: are. removed, and the engines are permitted to

perform at enhanced thrust levels. Manual operation of
the APR. system may readily be accomplished simply
by turning off electrical power to the unit to terminate

~ the trim signals. Because the system operates by estab-

20
'speed 1S establlshed at a level whrch will Optlmlze bothx |

lishing higher operating levels in the fuel control com-
puter and not by Operatlon of additional valves to aug-

~ment fuel flow, it is not necessary to manually or other-
- wise terminate operation of the automatic performance
- reserve system if it 1s decided to abort takeoff and stop
- the engines. Engine thrust can be diminished simply by

operation of the power. levers. |
Fail safe operation is provided by the system of this

: invention due to its ‘operation by removing trim signals

plete stop, substantial injury may result unless addi- |

~ tional power is made available to the operating ‘en-
gine(s) sufficient to permit a safe takeoff of the aircraft.

30

To this end, emergency power systems have béen uti-

- lhized in. COIl_]lH'.lCthn Wlth both smgle and multl-engme' |

airplanes.” | | - |
These systems are clas51ﬁable into several types. In

35

~ one type of system upon the failure of a computer con- -

- trol or fuel control system for one of a pair of engines,

the operatlonal control or computer control may be

- .used in conjunction with both engines simultaneously.

‘Exemplary of such systems are Martin U.S. Pat. No.

systems do not provide any added power.

from the fuel control computer. ‘Upon failure of electri-

cal power to the APR system, these trim signals would
automatically be removed and the engines permitted to

-operate at an increased thrust level. If increased thrust

level is not desired, the pilot can compensate by adjust-

- ing the power lever position.

These and other advantages of the thrust boosting
system of this invention will be more readlly apparent
when the following specification is read in conjunction

~ with the appended drawings, wherein:

40
3,811,273 and Eccles et al. U.S. Pat. No. 3,875, 390 Such'

~ In other systems, emergency power is provlded by"
the injection of a water/methanol mixture into the en-

- gines. Such systems are represented by Donaldson U.S.
Pat. No. 3,434,281 and Britten et al. U.S. Pat. No.

45

3,518,923. Systems of this type require added ﬂuld tanks

“and plumbing and valve control systems. -
- Another class of systems simply disconnects auxﬂrary
power using units on board the plane or disconnects the

50

defective drive motor so that available power in the

- remaining engines may be conserved.' Exemplary of

- such systems are Clare et al. U.S. Pat. No. 2,322,114 and
‘Gregoire et al. U.S. Pat. No. 3,514, 055 These systems |

~also provide no added power. = .
. Another class of systems does in fact prowde a boost

55

','-111 engine thrust without the need for added fuel tanks. -
These systems detect failure or defect of an engine and

‘actuate solenoid valves of an. emergency fuel flow sys-.

~ tem to provide increased amounts of fuel to the engines.

- 2,628,472, Tyler et al. U.S. Pat: No. 3, 161 021 and Bore-—

~ lanetal US. Pat. No. 3,987,279,

EIG.11sa generally schematic dlagram illustrating a

‘gas turbine engine fuel control system in accordance

with this invention; - - - |
FIG. 215 a genera]ly schematlc dlagram of an auto-

- matic performance reserve system for use in the fuel

control system of FIG. 1; and . |
'FIGS. 3 and 4 are graphs 1llustratmg operatlon of the .
automatic performance reserve system of FIG. 2.
'Referring now to FIG. 1, a gas turbine engine 10 is
operated with a suitable fuel which is provided by a fuel |
delivery system 12 which may include appropriate stor-
age tanks and valves for controlling fuel flow from the
tanks to the engines. Fuel delivery system 12 controls

‘the flow of fuel to the gas turbine engine 10 in accor-
dance with a. fuel command signal which is received -

from a fuel control computer 14. Appropriate inputs
and outputs are provided to and by the fuel control
computer 14 in accordance with the requirements of the
particular engine control system An example of such

inputs and outputs is illustrated in the aforementioned
Schwent U.S. Pat. No. 3,971,208 Two particular in-

- puts spec1ﬁcally utilized in describing the operation of

| 60
- Typical of such systems are Dray et al. U.S. Pat. No. .

this invention comprise a speed feedback signal. re-

“ceived through a path 16 and a temperature feedback

- signal received through a path 18 for monitoring rota-

Such systems however, suffer from several draw-,_ .

) .-ibacksl For example, the system cannot operate if there
~ is a failure of power to its control. circuitry or to the
~ solenoids. Addltlonally, in the event of an aborted take—-' |

| ___-off after operatron of such a prror art system, the fuel

65

_duced by the engine 10 in response to the commands |
- dictated by position or angle of a power lever 20. The

tional velocity of an engme spool, preferably the high

pressure spool.in an engine having a plurality. of spools,
and engine exhaust temperature, reSpectlvely | |
The computer 14 controls the amount of thrust pro-
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power lever 20 is connected to the wiper of a rheostat

22. The rheostate 22 1s connected to the fuel control

computer 14 by conductors 24 and 26 which establish a
voltage drop across rheostat 22 between voltages corre-

sponding to maximum speed and minimum speed, re-
spectively. The wiper of the rheostat 22 is connected by
a conductor 28 to carry a signal indicative of power
lever angle and, accordingly, desired engine speed to
the fuel control computer 14. In response to this signal,
the fuel control computer transmits a fuel command to
the fuel:delivery system 12 which provides the appro-
prlate amount of fuel to the engine 10.

It is necessary to program the fuel control computer
14 to limit speed of the high pressure spool and limit
turbine exhaust temperature to optimize airplane perfor-
mance and engine life. The establishment of these limits
determines the maximum amount of thrust which may
be produced by the engine. This relationship of spool
speed and exhaust temperature is shown in FIG. 3
wherein an engine running line A for a typical gas tur-
bine engine i1s shown with turbine exhaust temperature

plotted along the vertical axis and high pressure spool

speed (corrected for temperature) plotted along the
horizontal axis. The dashed line B illustrates maximum
permissible turbine exhaust temperature, and the dashed
line C 1s indicative of maximum permissible spool speed
(100% speed) characteristic of optimum performance
levels. In emergency situations, it is desirable to increase
available engine thrust. |

Because prior art fuel systems are set to limit turbine
temperature and spool speed, any command requesting
~higher thrust would be thwarted by action of the con-
trol system. For this reason, it has been necessary to
provide the additional thrust through use of indepen-
dently controlled, solenoid actuated, control valves.

In accordance with this invention, the computer 14 is
preset to permit the engine, under certain conditions, to
reach a higher level of exhaust temperature, indicated
by the line D, and a higher level of spool speed, indi-
cated by line E. This adjustment permits the engine to
enhance its available thrust from a level corresponding

to engine performance at point F on curve A to the

~higher level corresponding to point G.

However, it would not be desirable, as already dlS-
cussed, to permit the engine to run continuously within
these high limits. Thus, an automatic performance re-
serve (APR) system 30 is provided to control the fuel
control computer 14 for selectively switching between
a'normal operating mode, wherein the engine is capable
of producing thrust corresponding to point F in FIG. 3,
and an APR mode, wherein the engine is capable of
- producing thrust correspondmg to point G.

‘The APR system 30 produces two outputs for each
engine being controlled. A speed trim signal is transmit-
_ted through a conductor 32 to a‘summing junction 34
‘interposed in the speed command conductor 28. A tem-
perature trim Sign’al 1s transmitted through a conductor

- 36 to a summing junction 38 in the temperature feed-

back path 18.

The speed trim signal modlﬁes the speed command
received from the rheostat 22 such that, whenever the
power lever is in the maximum speed position and the

. APR system 30 is prowdlng a speed trim signal, the fuel

control computer will receive a speed command calling

10
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At the same time, the temperature trim signal com-

bines with the temperature feedback signal to indicate
to the fuel control computer that the exhaust tempera-
ture of the engine 10 1s greater than it actually is by an

amount AT equal to the temperature dlfference between
levels B and D in FIG. 3.

Accordmgly, as long as the APR system 30 is produc-
ing its output trim signals, engine thrust will be limited
such that the engine i1s permitted to operate only within
normal limits. When the APR system 30 ceases to pro-
duce the trim signals, thrust is permitted to increase
from the normal limit (point F) to the emergency limit
(point G) on the engine running line A by the increase
in high pressure spool speed and permissible tempera-
ture otherwise allowed by the fuel control computer 14.

The APR system 30 is best illustrated in FIG. 2 and
comprises a pair of substantially identical units 30L and
30R for controlling the fuel control computers of the
left and right engine, respectively. Identical compo-
nents will be described using the same reference numer-
als, but specific reference to one of a pair of so-num-
bered components will be made using the letter L to
designate the component in the left portion 30L and the
letter R to correspond to components of the right por-
tion 30R. While this two channel system is designed to
operate in conjunction with an airplane having two
engines, it should be noted that any number of engines
could be readily accommodated by an APR system in
accordance with this invention.

Each of the left and right APR unit portions has a
speed trim signal generator 40, which transmits the
speed trim signal through its corresponding conductor
32, and a temperature trim signal generator 42, which
transmits the temperature trim signal through its corre-
sponding conductor 36. The speed and temperature

trim signal generators produce these signals whenever

they are receiving power from their corresponding
power supply 44 to which they are connected by Suit-
able conductors.

Each power supply 44 also provides operatmg power
for a AN detector 46. Each AN detector receives a
signal which is functional of the difference between the
speed of the high pressure spool of two engines. While
this signal may be produced by any convenient means,
in the preferred embodiment it is received from an en-
gine speed synchronizer 45 through conductor 48. The
synchronizer 45 may be of any su1table type, well
known to those skilled in the art.

Each AN detector 46 is connected to energize a re]ay |
50 when the difference between engine speeds reaches a
predetermined value. Each of the relays 50 is connected
for operation of contacts within both of the APR unit
protions 30L. and 30R. The relay 50L has contact 50La
in APR portion 30L and S0L.b in APR portion 30R. The

- relay SOR has contacts S0Rz in portlon 30R and SDRb n '_ '

60

portion 30L.

Power for each power supply 44 is received from a.
voltage source 52 through a switch 54 and a junction 56.
From the junction 56 energization of the power supplies
44 is through independent parallel sources. A conductor
58 connects the junction 56 through a switch 60 to a
junction 62. A conductor 64 is connected between the
power supply 44L through a diode 66, the junction 62

-for spool speed to be maintained at the level indicated as 65 and a diode 68 to the power supply 44R. A conductor

~ C instead of the maximum level E. Corresponding re-

ductlons in spool 5peed occur .at all settings of the

. power lever

70 connects the junction 56 through contact 50La and
contact S0RS and a diode 72 to power supply 44L. A
conductor 74 connects junction 56 through contact



. 5

An alternate termmal of contact SOLa 1S connected to

a suitable’ md1cator such as a light 78, and an- alternate

terminal : of contact SORb 1S connected to a source of

' 'voltage 80.

- S0L5, contact 50Ra and a dlode 76 1o power supply
- 44R. o |

4,314,445

- 6
Illumination of light 78 indicates to the pilot that the
APR unit has functioned. If either relay 50L or 50R

- does not properly.operate, the light will not-illuminate

>

“and will provide:an indication of malfunction of one of

the channels. Unless: both channels have failed, the

- APR system will stlll Operate properly n 1ts automatic

Operation of the automatic performance reserve Sys- -

tem of this invention will now be described. ‘As has

already been discussed ‘the fuel control computer 14

(F1G. 1) 1s adjusted to permit operatlon of the engine 10
at the enhanced power levels to be provided by the
APR system 30. However, as long as'speed and temper-
ature trim signals are received from the speed trim sig-
nal generators 40 and temperature trim generators 42
associated with each engine, the fuel control computer
will be limited to operation within a normal limit. These

~ trim signals. will be produced as long as the power
. supplles 44L and 44R are energlzmg the s gnal genera—-

tors. . -
Sw1tches 54 and 60 are manually operated swrtches

mounted on a flight deck panel in conjunction with the
APR function light 78. Opening of the switch 54 re- .
‘moves all power from the APR unit and thus terminates
- generation of speed and temperature trim signals so as
to act' as a manual APR operating switch.. When the
switch 54 is closed, automatic functlomng of the APR

systemm 30 is possible.

| mode

- The APR functlon ltght T8 also provrdes a means for

“testing automatic operation of the APR system 30 prior

10

to takeoff. With the switch 54 in the closed or “auto-
matic” position and the switch 60 in the open or
“armed” position, the power lever 20 for each engine

- may be adjusted: so that the difference between the

15

20

25

Whenever switch 54 is closed swn;ch 60 serves as an

when the switch 60 is closed, the APR system 1s said to

be “disarmed” in that automatic functioning is impossi-
- ble. When the switch 60 is open, energization of power
--supphes 44 is through the contacts of the relay systems
50 so that'automatic functioning, in a manner to be
- .described, is poss1ble Thus when the switch 60 is open,
the system is said to be “armed.” - '

With the system armed, energlzatlon of power supply
441 is from the voltage source 52 through switch 54,

contact 50La and contact S0Rb. Energization of power

supply 44R is from voltage source 52 through swnch

- 54, contact 50Lb and contact 50Ra. - |
When both: englnes are operatmg properly, such that
any difference in spool speed is less than the predeter-
- mined level detected by the AN detectors 46, the relays
50 are in an energized state such that the contacts asso-
ciated therewith close the circuits for energrzatlon of
the power. supplles 44. Should-a difference- in:-spool

| speed between engines occur whlch is of a'magnitude
~ greater than the pedetermined level detectable by the
- AN detectors, the signal from the synchronizer 45 will
~-cause each of the AN detectors 461 and 46R to de-ener-
‘gize its associated relay S0L..and 50R; respectively.
| 'De-energlzatron of relay 50L opens contact S0La and
- S50Lb. De-energlzatlon of relay SOR open contacts SORa
.and 50Rb. . |
The. openmg of the contacts for etther of the relays_ |
“terminates the application of power to both power
“supplies 441 and 4R to terminate generation of speed
~and temperature trim signals. Thus, the use of two AN
. ~detectors 46L. and 46R and two associated relays SOL
and 50R provides redundancy in-that operation of either -
speed detector and its associated relay will produce the
- desired boost in thrust-to both engines. . |

When contacts 50La and'50Rb open, thejt also close,

,I_.'the1r alternate terminals to complete a circuit connect-
.ing the APR functlon lrght 78 to the voltage source 80, .

'_ "_arm/drsarm switch. As long as switch. 60 is closed, the
power supplies 44 will be energized so as to result in the

30
“ generation of speed and temperature trim s1gnals Thus,

spool speeds. of the two engines or AN is greater than
the predetermined value required for operation of the

relays 50. This should trigger operation of the relays

S0L and S0R to cause a change in condition of contacts
S0La and S0Rb, respectively, and energize the APR

function light 78. If:either relay S0L or 50R fails to

operate, the light will fail to function because one of the

two:contacts will remain in its original position. If the

APR function light has failed to illuminate during oper-

ation on test, the pilot can-determine whether a single or
-dual channel failure has occurred by exammatlon of his

fllght instruments. -
FIG. 4 illustrates the relatlonshrp of engine thrust

‘plotted on the vertical axis to power lever angle plotted

on the horizontal axis. Curve H shows the relationship
between engine thrust and the power lever angle when

the engine is under normal control, which means that
the speed and temperature trim signals are being applied

to the fuel control computer 14. Curve I gives the same

- relationship for the same engine operating under emer-
~gency conditions wherein the speed and temperature

35

40

45

trim system-have been removed from fuel control com-
puter 14. As can be seen at the point indicated as TO on

‘the horizontal axis, indicating the power lever position
‘corresponding ‘to engine takeoff power, a significant
“increase in thrust is provided by the removal of trim

signals by the APR. unit 30. However, as the power
lever is moved toward the idle position, the thrust in-
crease is greatly diminished. As a result, not only can
actual operation of the APR system 30 be tested while
the engines are at or near idle speed but it is also unnec-

.essary to manually terminate operation of the.system to
- permit-the engines to be cut to a thrust level permitting

an airplane to be safely stopped. -
To prepare the APR system 30 for operatlon prror to

- takeoff of an airplane, the switch 54 is placed in the

50

55

60

closed (automatlc) position. The switch 60 is then
placed 1n .the closed (disarmed) position so that the

- power supplies 44 will be energized. This will cause the

speed trim signal generators 40 and temperature trim

signal generators 42 to transmit their outputs to the fuel

control computer 14 resultmg In engine operation in a

conventional mode. If there is no difference between
- spool speeds of the engines greater than the predeter-

mined value, energization of the power supply will also
cause the relays S0 to activate their contacts, causing
the power supplies 44 to be energized therethrough.

- After this has occurred, the switch 60 may be changed

to open (armed) conﬁguranon -
To affect takeoff, the power levers are moved to the

- takeoff position causing a corresponding increase in

65,

thrust along the curve designated H in FIG. 4. Toavoid
L triggering of the APR system due to uneven movement
:of the power levers, it is preferable that switch 60 re-

‘main. in the “disarm” posmon until commencement of
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the takeoff roll. As long as both engines 10 operate 1n a
normal manner, the speed and temperature trim signals
generators will continue to be energized by the power
supplies 44; and no change in engine thrust will be
caused by the APR system 30. However, should a mal-

function occur in one of the engines, this will result 1n a

change in its spool speed such that a AN signal will be
transmitted by the synchronizer 45 to the AN detectors

46. As soon as this signal indicates a difference 1n spool
speeds at least equal to be the predetermined value, the
relays 50L. and SOR will be energized, opening the
contacts to remove power from the power supplies 44.
As a result, the speed and the temperature trim signals
will be removed from both engines, resulting in an in-
crease in high pressure spool speed and a permissive
increase in engine exhaust temperature, which will
change the thrust from curve H in FIG. 4 to the corre-
sponding point on the curve L. It should be understood,
however, that this increase in thrust will only apply to
a properly operating engine. Any increase in thrust or
power level of a defective engine will depend upon the
nature. and the magnitude of the defect. However, a
significant increase in available thrust will be provided
for the airplane.

The opening of the relay contacts completely discon-
nects the power supplies 44 from their source of power
52 so that inadvertent removal of the increased thrust
by accidental automatic application of the trim signals 1s
not possible. This could only occur by action of the
flight crew in changing the configuration of the switch
60 from its open or armed mode to the closed or dis-
armed mode, whereupon the trim signals would again
be applied to the fuel control computer 14.

Should automatic functioning of the- APR unit 30 fail
for any reason so that the contacts of relays SO0L and
'S0R remain closed, engine thrust may still be increased
manually by the pilot simply by changing the position of
the switch 54 from the closed (automatic) position to
the open (manual) position wherein power is immedi-
ately removed from the power supplies 44 and applica-
“tion of the trim signals is terminated.

Accordingly, a turbine engine thrust boosting system
is disclosed wherein thrust is enhanced by modification

of inputs to a fuel control computer to permit the engine
~ to increase temperature.and speed parameters to result
in increased thrust. No additional fuel control valving is
required, and the system provides additional safety of
operation by not requiring manual shutoff to stop the

| airp]ane and providing fail'safe operation, which results
In increased thrust upon occurrence of a fatlure of
- power to the APR unit.
- I claim:
1. In combination:
an engine having a normal maximum thrust level and
- . emergency maximum thrust level;
means for controlling engine fuel delivery to adjust
engine thrust within a range having an upper limit
not greater than sald emergeney maximum thrust
- level;
" means for generatmg engme ‘thrust trim mgnals for
limiting engine thrust to said normal maximum
~ thrust level;
- means for energlzmg sald trim signal generating
means; |
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_means for producing an output mgnal mdlcatlve of 65

engine malfunction; and |

- means, responsive to said engine ma]funetlon eutput |

signal, for controlling the applleatzon of sald trim

8 .
signals to said fuel delivery control, said trim signal
application controlling means interposed between
sald trim signal generating means and said energiz-
ing means for selectively disconnecting said trim
signal generating means from said energizing

mearns.

2. The combination of claim 1 wherein said trim sig-
nal application controlling means includes parallelly

connected relay means and switch means, said switch
means selectively positionable in a first configuration
for short circuiting said relay means to prevent de-
energization of said trim signal generating means and a
second configuration permitting de-energization of said
trim signal generating means.

3. The combination of claim 1 wherein said trim sig-
nal application controlling means additionally includes
a serially connected manual operating switch means for
independently operably disconnecting said trim signal
generating means from said energizing means.

4. An engine fuel control system comprising:

means for controlling the delivery of fuel to an en-

gine;

means for prowdlng 1nput to said fuel delivery con-

trol means for causing engine operation between a
minimum operating level and a maximum operat-
ing level;

means for adjusting said fuel delivery control means

to operate In an emergency mode wherein said
maximum operating level has a first predetermined
value;

trim means operative for causing said fuel delivery

. control means to operate in a normal mode wherein

sald maximum operating level has a second prede-
termined value less than said first predetermined
value; -and -

means for terminating effect of said trim means of said

fuel delivery control means upon occurrence of an
emergency condition.

5. The engine fuel control system of the claim 4
wherein said trim means comprises trim signal genera-
tor means for transmitting trim signals to said fuel deliv-
ery control means, and said emergency trim terminating
means comprises switching means for terminating trans-
mission of said trim signals to said fuel delivery control
means. | | |

6. The engine fuel control system of claim 5 including
first and second engines, each having a rotating ele-
ment, and wherein said switching means terminates
transmission of trim signals to said fuel delivery control
means upon occurrence of a predetermined difference
in a speed between said first and seeond engme rotatlng
elements. - | -

7. The engine fuel control system of claim 6 wherein
said trim signal generating means is energlzed by a

source of voltage, and said switching means is inter-
posed between said voltage source and said trim signal

‘generating means for selectively disconnecting said trim

signal generating means from said voltage source.

8. The engine fuel control system of claim 7 wherein
said switching means includes relay means responsive to
said predetermined difference in speed between said
first and second engine rotating elements for automati-
cally disconnecting said trlm mgnal generatmg means
from said voltage source. -

9. The engine fuel control system of claim 8 mcludlng

- indicator means energized upon operation of said relay

means for indicating dlseonnectlon ef sald trlm signal
generating means.



10. The engme fuel eentrel system of claim 8 wherein

~ said relay means includes contacts and said switching

means include arming switch means connected in paral-
lel with satd relay means contacts and selectively posi-
‘tionable in a first configuration for short circuiting said
relay means contacts to prevent deenergxzatlen of said
~ trim signal generator means and in a second configura-

tion permitting de- energlzatton of the trim srgnal gener-

ating means by said relay.

said switching means includes manual operating switch -

‘means serially connected with said relay means contacts
between said voltage source and said trim signal gener-
ating means, mdependent]y operable for dlseonneetmg

said truu srgnal generatmg means from sald veltagej

~source. |
- 12. In an atrplane hawng at least two gas turbine

__prepulsmn engines and a fuel delwery control system -

15

1ndudmg a manually operated pewer lever for eaeh 20

engine, the improvement comprising:

‘means for sitting the fuel delivery centrel means for
~each. engme such that said power levers eperate'.

said engines within a first operating range;

means for trimming said fuel delivery control system
~such that said power levers operate said engmes |

| W1th1n a second Operatlng range; and
meaus responsive to engine malfunction for remevmg

said trim means to permit operation of said engme'

in said first operating range. o
13. The prepulsmn system of claim: 12 wherein each

- engine has a rotating spool, and said trlm means com-
prises speed trim srgnal generater means for reducing

_ the speed of spool rotation of each engine, and tempera-

fure trim generater means for reducing the maximum
| permlsstble engine exhaust temperature for each engine.
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14. The propulsion system of claim 13 wherein said

engine malfunction responsive means comprises relay

means for terminating generation of trim signals, and

- means responsive to a difference in rotational speed

40

'_betweeu said engine spools for actuating said relay

means on occurrence of a predetermined difference.

15. The prepulsron system of claim 14 wherein said

trlm signal generator means are energlzed by a voltage

age source.

15. The prepulsmu system as 1 ) claim 15 meludlng -

- arming switch means connected in parallel with said 0 '
relay means contacts and selectively positionable in a ™
first cenﬁguratren for short circuiting said relay means

contacts to ‘prevent de-energization of said trim signal

generator means and in a second eenﬁguratten permit--

ting deenergtzatxen of the trim SIgual generatmg means 55 0

| :by said relay.

- 17.The prepulsmn system of elatm 15 includin, g man- -
| ual operating switch means serially connected with said
relay means contacts between said voltage source and |
~ said trim signal generating means, and independently g,
~operable for disconnecting said trim signal generatmg -

- means from said voltage source.

18, A method of controlhng trensfer ef an engme'_"
from a normal Operattng condition to an emergency

65

| -;operatmg COHdltIOH sald methed eemprtsmg the steps
of | T T

eperauon under emergency operatmg conditions;

11. The engine fuel control system of c]alm 8 whereln. 10

source and said relays means have contacts interposed 45 |

between said trim 51gnal generator means and said volt- _'

4, 314 445
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applymg trim signals to said fuel control fer changtng
the engine to eperatlen under normal operating
“conditions; and |
termmatmg applleatleu of sald trim signals upon oc-
currence of an emergency condition.
~ 19. The method of claim 18 wherein said step of ap-
plying trim signals comprises the steps of:
connecting said fuel control to receive trlm signals
from signal generators; and
energizing said trim signal generators by connection
- through contacts of a relay to a voltage source; and
the step of terminating said trim signals comprises:

| epenmg sald relay contacts upon occurrence of an

engine malfunction.

20. A method of applying emergency power for an
atrplane having two or more propulsion engines, each
having a fuel delivery control system associated there-
‘with, said method comprising the steps of:
~ setting each fuel delivery control system to permit

maximum engine speed and exhaust temperature
such that an emergeney thrust level for the engine
- 1s permissible; S |
~ applying speed and temperature trim signals to each
fuel delivery control system to limit engine speed
-and exhaust temperature to levels associated with

- normal engine thrust conditions:

detectmg the difference between speeds of the en-
- gines; and . | |

termmatmg application of said speed and temperature
. trim signals upon the difference between engine

speed reaching a predetermined value.
21 A turbme engine thrust control system, compris- -
ing: |
at least one turbine engine eperable ina norme] thrust
range having a normal maximum thrust and an
enhanced thrust range having an enhanced maxi-
mum thrust, the enhanced maximum thrust bemg
- greater than the normal maximum thrust; =
control means set for operating said turbme engine
- within said enhanced maximum thrust range;

trlm means for applying a trim signal to said control

means to maintain said turbine engine within said
‘normal thrust range under normal operating condi-
- tions, said trim signal means including means for.
generating a temperature trim signal to limit said
turbine engine to operation within a predetermmed
normal temperature range, and means for generat-
‘ing a speed trim signal to limit the high pressure
spool speed of said turbine engine to operation
within a predetermined normal speed range; and

. sw1teh means for selectively terminating application

. of said trim stgual to said control means to permit -
; - said turbine en gine to Operate wrthm said enhanced
thrust range. - o | | |
 22. A turbine engine thrust control system accerdm g

to claim 21 wherein said control means comprises fuel
‘control computer means, responsive to command sig-

~ nals input thereto, for producing a srgnal to contrel the
delivery of fuel to said turbine engine.

23. A turbine engine thrust control system aecerdmg

- to claim 21 or 22 further me]udlng means for generating
~ a signal indicative of engine malfunction, said switch-

.'means bemg responsive to the engine malfunction signal

65 for terminating appheatten ef the trtm 31gnals te said
o | - _control means. S .
PGWCrmg the engme w1th a fuel centrel adjusted fer, o

24. A turbine englne thrust eentrel system eemprls- R
ing: | | | 8
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at least one turbine engine operable 1n a normal thrust
range having a normal maximum thrust and an
enhanced thrust range having an enhanced maxi-
mum thrust, the enhanced maximum thrust being
greater than the normal maximum thrust;

control means set for controlling said turbine engine

within said enhanced maximum thrust range;

trim signal means for applying a trim signal to said

control means to maintain said turbine engine
within said normal thrust range under normal oper-
ating conditions;

means for generating a signal indicative of engine

malfunction; and

switch means, responsive to said engine malfunction

signal, for selectively terminating application of
said trim signal to said control means to permit said
turbine engine to operate within said enhanced
thrust range.

25. A thrust control system for a plurality of turbine
engines, each of the turbine engines having a normal
thrust range having a normal maximum thrust and an
enhanced thrust range having an enhanced maximum
thrust, the enhanced maximum thrust for each said tur-
bine engine being greater than the normal maximum
thrust thereof, comprising:

control means set for operating each of the turbine

engines within said enhanced maximum thrust
range;

trim means for applying a trim signal to said control

means to maintain each of the turbine engines with
the normal thrust range under normal operating
conditions, said trim means including means for
generating a temperature trim signal for each of the
turbine engines to limit operation thereof to a pre-
determined normal temperature range, and means
for generating a speed trim signal for each of the
turbine engines to limit the high pressure spool
speed thereof to operation within a predetermined
normal speed range; and

switch means for terminating application of said trim

signal to said control means to permit the turbine

10

12

engines to operate within said enhanced maximum
thrust range.

26. A thrust control system according to claim 23
wherein said control means comprises a fuel control
computer means responsive to command signals nput
thereto for producing a signal to control the delivery of
fuel to each turbine engine.

27. A thrust control system according to claim 26
further including means for generating a signal indica-
tive of engine malfunction, said switch means being
responsive thereto for terminating application of the
trim signals to said control means to permit the turbine
engines to operate within the enhanced thrust range.

28. A thrust control system according to claim 27

15 wherein said engine malfunction indicating means gen-
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erates an engine malfunction signal at a predetermined
difference in turbine engine speeds.

29. A thrust control system for a plurality of turbine
engines, each of the turbine engines having a normal
thrust range having a normal maximum thrust and an

enhanced thrust range having an enhanced maximum
thrust, the enhanced maximum thrust for each turbine

engine being greater than the normal maximum thrust
thereof, comprising:
control means set for operating each of the turbine
engines within said enhanced maximum thrust
range;
trim means for applying a trim signal to said control
means to maintain each of the turbine engines
within the normal thrust range under normal oper-
ating condttions;
means for generating a signal 111dlcat1ve of engine
malfunction; and
switch means responsive to said engine malfunction
signal for terminating application of said trim signal

to said control means to permit the turbine engines

to operate within said enhanced thrust range.
30. A thrust control system according to claim 29
wherein said engine malfunction indicating means gen-
erates an engine malfunction signal at a predetermined

difference in turbine engine speeds.
3 % *® X S
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